Enzyme release from chick myocytes during hypoxia and reoxygenation: dependence on pH.
On reoxygenation of ischemic or hypoxic hearts a sudden release of cytosolic enzymes coupled with hypercontraction and cell injury occurs, which has been termed the "oxygen paradox". We have attempted to imitate this phenomenon in cultured chick myocytes to try to find the cause of this sudden enzyme release. During 4 hours of normoxic perfusion (pH 7.4) monolayer cultures of chick embryonic myocytes retain their normal morphology, beat rhythmically, and show no release of creatine kinase (CK) into the perfusate. Hypoxic perfusion (O2 less than or equal to 0.25 microliter/ml) stops cell contraction (15-20 min) and causes "blebbing" of the sarcolemma (20-30 min). Membrane blebs increase in size and number with continuing hypoxia and eventually the cells become irreversibly damaged. Perfusion at pH 7.4 leads to a release of CK shortly after membrane damage occurs (30-40 min), with peak enzyme levels at 60-90 min. Reoxygenation after 120 min hypoxia does not exacerbate release. Hypoxic perfusion at pH 7.0 suppresses the release of CK from the cells despite extensive membrane blebbing. Normoxic perfusion at pH 7.4 after 100 min hypoxia (pH 7.0) causes an efflux of enzyme from the irreversibly injured cells. This can be prevented by reoxygenating the cells at pH 7.0 and stimulated by raising the pH of the hypoxic perfusate to 7.4. Shorter hypoxic periods (30 mins) at pH 7.0 followed by normoxic perfusion at pH 7.4 lead to a sudden large efflux of CK, arrhythmic contractions and hypercontraction of myofilaments, i.e. the typical symptoms of the "oxygen paradox". Thus changes in external pH can influence the release of intracellular enzymes during hypoxia and reoxygenation.